**t autjiu i.> 



hifii 



, W t. » *K*aUauMM A &x t+j*uLii 






report resumes 



£0 010 659 os 

MATHEMATICS CLUSTERS IN SELECTED AREAS OF VOCATIONAL 
educations REPORT NUMBER 8. 

BY- RAHMLOW, HAROLD F. WINCHELL, LEONARD 
WASHINGTON STATE UNIV., PULLMAN 

REPORT NUMBER ER0-E57-65-8 f> uB BATE JO NOV 66 

WASHINGTON STATE BOARD FOR VOCAT. EDUC., OLYMPIA 

REPORT NUMBER BR-5-0046-8 

CONTRACT 0EC-5-85-109 

EDRS PRICE HF-$0 .09 HC-fD.60 15p. 



DESCRIPTORS- ♦vocational education, ♦mathematics instruction, 
♦MATHEMATICAL APPLICATIONS, ♦JOB ANALYSIS, ♦OCCUPATIONAL 
INFORMATION, JOB SKILLS, JOB TRAINING, PULLMAN, OLYMPIA 
WASHINGTON * 



IDENTIFICATIONS WERE MADE OF THE MATHEMATICAL KNOWLEDGES 
COMMONLY USED IN OCCUPATIONS MOST READILY SUITABLE FOR 
NONCOLLEGE-BOUND YOUTH. TASK ITEMS FROM QUESTIONNAIRES USED 
IN OFFICE OCCUPATlONSi GENEfAL MERCHANDISING, BUILDING 
TRADES, ELECTRONICS* FOOD SERVICE, CHILD CARE, AND 
AGRICULTURE STUDIES WERE EXAMINED FOR MATHEMATICAL KNOWLEDGE 
CONTENT. FIVE CLUSTERS OF MATHEMATICS KNOWLEDGES WERE FOUND 
TO BE USEFUL IN ALL THE JOB AREAS STUDIED. THESE CLUSTERS 
WERE Cl) OPERATIONS WITH FRACTIONS, (2) OPERATIONS WITH 
DECIMALS, C3) CONVERSION OF FRACTIONS TO OECIMALS, (4) 

CONCEPT OF PERCENTAGE, AND (5) RATIO AND PROPORTION. STUDY 
RESULTS WERE CONSIDERED TENTATIVE. THIS VOLUME REPRESENTS 
PART 8 OF THE 13-PART FINAL REPORT ON THE 
VOCATIONAL-TECHNICAL EDUCATION RESEARCH AND DEVELOPMENT 
PROJECT OF WASHINGTON STATE UNIVERSITY. RELATED VOLUMES ARE 
ED 010 652 THROUGH ED 010 664. (JH> 



ERIC 















— » 



J 










H. 

& 




, * e-fjQ* '* Vf %T y -‘ ; *N ^ , * -^" * ' " ~ < * - \.- y - - 

' / "Tlf ' > : • >,£*• ^' ---V 

.y,* -A, ti,' - ( . „ i, ( / “ ;> . - . 

jfeai ^yf ,; ‘ .•r.V-t/.-j-., . ... ; s ‘~- ;• '.! -:. . - -(>;.■' ; . < ; • .' “ . 




t 



M 






m 



ERJC1 



i LU 



FINAL REPORT 

Project Ho. ERD-MuW ^'06 ?(, 
Contract No. OE-5-85-109 
Report No. 8 



MATHEMATICS CLUSTERS IN SELECTED 
AREAS OF VOCATIONAL EDUCATION 



November 30, 1966 



U.S. DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 



Office of Education 
Bureau of Research 






&*ff!S^K , S35SS2S!! 



~s?*'zsr* ""** ^ Kvass 














■H 









mum mmmmm 



MATHEMATICS CLUSTERS IN SELECTED 
AREAS OF VOCATIONAL EDUCATION 



Project No. ERD-257-65 
Contract No. 0E-5-85-109 
Report No. 8 



by 

Harold F. Rahmlow and Leonard Hinchell 



November 30, 1966 



The research reported herein was performed pursuant to a 
contract with the Office of Education, U.S. Department of 
Health, Education, and Welfare. Contractors undertaking 
such projects under Government sponsorship are encouraged 
to express freely their professional judgment in the 
conduct of the project. Points of view or opinions stated 
do not, therefore, necessarily represent official Office 
of Education position or policy. 



Department of Education, Washington State University, Pullman, Washington 
State Board for Vocational Education, Olympia, Washington 






illigteii 



-L ’J i r 



MM 









Hat* 



CONTENTS 



ACKNOWLEDGEMENTS iii 

INTRODUCTION 

Background and Rationale 1 

Objective and Hypothesis 2 

Related Research 2 

METHOD 3 

DISCUSSION • 4 

CONCLUSIONS 

Prelieinary Conclusions 5 

Recoenendat ions 5 

Further Study Planned 

Clusters 5 

Curriculum 6 

SUMMARY . 6 

REFERENCES 7 



TABLE I 



4 



ACKNOWLEDGEMENTS 



We appreciate the valuable assistance given 
us throughout the project by Ranae Rantanen and 
Marilyn May. 






mwm 







INTRODUCTION 



Background and Rationale 

One major purpose of our research is to identify clusters of knowledge 
and competencies most likely to maximize the career-long occupational 
opportunity, competence, and choice on non-college bound youth in an 
evolving technological society. 

Our research is rooted in the philosophic premise that occupational 
freedom involves both informed choice of alternatives and competence to 
work effectively. The economy needs constantly larger numbers of workers 
possessing new capabilities. But youth are free to ponder only the 
occupational choices they perceive. They are free to perform only the 
kinds of work for which they acquire competence. 

Choice and acquisition of competence may be needlessly impaired by 
limited outlooks and motivations. For those reasons, studies of occupation- 
al perceptions, aspirations constitute interrelated dimensions of our 
research. 

The objective of our clusters research is to obtain facts about what 
major types of tasks are actually performed in occupations most likely to 
provide employment opportunity for substantial percentages of non-college 
bound youth and to identify major types of knowledge most likely to pre- 
pare them for such work. On the basis of Bureau of Labor Statistics pro- 
jections, the following occupational areas were selected for study: office, 

general merchandise retailing, building trades, electronics, food service, 
and child care. 

To obtain task and knowledge data for clustering, the staff, in con- 
sultation with employers, employees, and vocational teachers, prepared 
questionnaire check lists designed to identify specific major tasks actually 
performed by workers in each of the occupational areas listed above. 

Questionnaires were designed to obtain from employees data on age, sex, 
major types of tasks presently performed, length of time on Resent job, 
and other types of work done in the past five years. 

Those questionnaires have been administered to representative samples 
of workers in each occupational area. To maximize the predictive value 
of data, questionnaires were administered to employees in mcdern firms in 
which the tasks performed are most likely to represent those prevailing 
in the foreseeable future. 

Results provide data on (1) combinations of major tasks groups of 
workers on a construction job or in a firm or agency presently perform, 

(2) combinations of major tasks performed on entry jobs, and ( 3 ) combina- 
tions^ of tasks generally performed by workers with various degrees of 
experience, and (4) some data on 5-year combinations of worker experience. 
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From analysis of the above data, we have obtained up-to-date facts 

about COfflhfnatinnc nf lunnn faeko I 1 -! - - 

— ' ** vwwao pc* uy tuajOc CdL^oriCS Of 

workers. 



Knowledges associated with performance of each task are being Identi- 
fied by juries of employees, supervisors, and vocational teachers. 

Both task and knowledge items are being coded so various patterns of 
relationships can be identified rapidly by computer. 

From analysis of the above data, we are obtaining definitions of both 
tasks ana knowledges involved in entry jobs and in positions into which 
workers can move as they get experience. We are identifying (1) some 
clusters of knowledge useful within each occupational area and (2) some 
clusters that are commonly useful in two or more areas. 

Facts about currently useful tasks andl knowledge are being supple- 
mented by studies of ways they will be affected by equipment, processes, 
and materials now being developed by leading-edge industries. 



Objective and Hypothesis 

The objective of this phase of the project is to conceptualize and 
identify mathematical knowledges commonly useful for work in occupations 
most likely to provide employment for substantial numbers of non-college 
bound youth. On the basis of U. S. Bureau of Labor Statistics projections, 
occupations selected for study include office, retail sales, building trades, 
electronics, food service, and child care. 

It is hypothesized that some clusters of mathematical knowledge can 
be identified as essential for entry and later-career work within and 
among those occupations. It is assumed that if such is the case, instruc- 
tion that helps youth acquire such knowledge will increase their capabilities 
to begin work and to pursue further training essential for adaptability 
and upward mobility. 



Related Research 

A survey conducted by the President’s Committee on Scientists and 
Engineers ( 4 ) revealed that the scope of mathematics was the most critical 
determinant for both level and quality of technological curriculum. Observa- 
tions by mathematics teachers (5) who have worked in industry reveal a 
significant need for employees who have knowledge of basic mathematics and 
skill to apply concepts to problems in a variety of situations. The intro- 
duction of a report of mathematics authorities working in schools and 
industry provides evidence regarding the vocational importance of mathematics 
today (6): 



There is no disagreement today— nor will there be in the 
foreseeable future— on the vital importance of mathematics, 
both to the scientist, engineer, or other specialist called upon 
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to use mathematics in his work, and to the intelligent layman 
in his everyday life. Mathematical education, to fulfill the 
needs of an advanced and advancing community, must be under con- 
tinual scrutiny and undergo constant change, and it is the 
responsibility of all mathematicians, working in university, 
school or industry, to concern themselves with the problem 
of keeping mathematical education vital and up-to-date. 

Other studies have identified some commonalities of occupationally 
useful mathematics knowledge. Maley (3) discovered that the routine arith- 
metic operations of addition, subtraction, multiplication, and division 
were common to many areas in the construction industry. Laws and Silviua (2 
found in a study of technicians that arithmetic skills predominated the 
mathematics Knowledges required. They also found a need for some knowledges 
m algebra, geometry, trigonometry, and calculus to a minor degree. How- 
ever, it must be recognized that this study concerned itself with tech- 
nicians whose qualifications would normally be beyond the high school 
level. A study by Barlow and Schill (1) in California considered clusters 
of mathematics knowledges. Their study analyzed the work of electronic 
technicians who utilized relatively high levels of mathematics. 



METHOD 



Each task item in the questionnaires was carefully analyzed by a math- 
ematics expert and practitioners who work in each occupation under study. 
For example, if the task pertained to bricklaying, mathematicians and 
building trades workers jointly identified items of mathematical knowledge 
essential for that task. By similar processes, mathematical knowledges 
related to all tasks on other questionnaires were identified. The data 
presented on Table I was derived from a frequency count of the task items 
with which each mathematical knowledge is associated. 



. analyzing the items on the data-gathering instruments, the follow- 

ing preliminary clusters of mathematics knowledges were identified. Table I 
shows the frequency with which mathematics knowledges occurred on the 
questionnaires and the percentages of tasks requiring eactf knowledge. 

If both fractions and decimals are required for a particular task, it 
was assumed that a knowledge of conversion was also necessary. 

It is educationally significant that these six clusters of mathematics 
knowledge overlap. Numerous items are included in more than one cluster. 

There are isolated instances where other mathematics knowledges such 
as graphing or basic statistics are useful, but these do not cluster to 
the degrees indicated on Table I. 
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NUMBERS AND PER CENTS OF TASKS IN SIX OCCUPATIONAL AREAS REQUIRING 
KNOWLEDGES OF FRACTIONS, DECIMALS, PERCENTAGE AND PROPORTION FOR PERFORMANCE * 




DISCUSSION 

The preceeding results are preliminary. The clusters are ; =ned on fre- 
quency counts of task items on the data-gathering instruments anc not upon 
actual data.^ Since a frequency count method was used, the preliminary clusters 
are maximal in nature. When actual data is collected, clusters obtained by 
frequency counts can be no more inclusive than those presented here. Even- 
tually, more inclusive clusters can be identified by techniques such as factor 
analysis. 



The relatively low percentages of child care and food service tasks 
requiring knowledge of fractions, decimals, percentages and proportions should 
not be interpreted as indications that those knowledges are unimportant. The 
tasks that do require such knowledge represent maicr portions of work performed 
by employees. 



The data presented in this report are in agreement with the findings of 
Maley (3). Ho found that workers in the building trades were required to 
possess only minimal knowledges in mathematics. Because the present study 
considers other areas in addition to construction, it can be considered to 
be more general than the Maley study. 

Even though this preliminary analysis does not reveal a requirement for 



4 






Sfrirtt itf v^wrtf iir % 






*■— - 1 if " 



data, plans are being made to analyze the questionnaire data. Likewise, 
as studies preceed in other occupational areas (eg., marine occupations, 
wholesaling), additional data on vocationally useful mathematics will be 
obtained. 

Curriculum : In cooperation with the Northwest Regional Educational 

Research Laboratory, plans are under way to develop and evaluate curriculum 
based upon some of the preliminary clusters. Systems of instruction in 
fractions and decimals are now under development. These systems are 
being developed using two closely related methods. One method will utilize 
computer-aided instruction and the other will be utilized independently 
of a computer. These materials will be used experimentally at both the 
high school and junior college levels, and results will be evaluated. 



SUMMARY 



It is hypothesized that clusters of mathematical knowledges most 
widely useful i,. occupations most likely to employ substantial percentages 
of non-college bound youth can be more precisely identified. Approximate 
identification of some clusters useful in some major occupational areas 
has been accomplished. More precise identification of more broadly useful 
clusters will come from more detailed analysis of data in hand and from 
additional data pertaining to other occupational areas. While more data 
collection and analysis are in progress, work or development and testing 
of experimental instructional systems for teaching fractions and decimals 
is proceeding. 
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; . Jt is hypothesized that clusters of mathematical knowledges most widely useful 

i n occupations most likely to employ substantial percentages of non-college bound 
youth can be precisely identified. The objective of this study is to conceptualize 
and idenitfy mathematical knowledges commonly useful for work in occupations most 
; likely to provide employment for substantial numbers of non-college bound youth. 

Task items from questionnaires used in office, general merchandise retailing, 

I building trades, electronics, food service, child care and agriculture studies 

? were examined for mathematical knowledge content. Five clusters of mathematics 

j knowledges were found to be useful in all the areas studied. These clusters were: 

A operations with fractions, operations with decimals, conversion of fractions to 

(i decimals, concept of percentage, ratio and proportion. 

Jr The results of this study should be considered preliminary in nature. Further 

study in this area is planned. While more data collection and analysis are in 
progress, work on development and evaluation of experimental instructional systems 
$ for teaching concepts in the fractions and decimals clusters is proceeding. 
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